ABSTRACT: C Influences of fishery activities on herring gulls and great black-backed gulls (Larus argentatus, L. mannus) wintering on the island of Helgoland, south-eastern North Sea, were studied When cod flshery discards were available close to the island. 83 to 87 % of the gulls' pellets contained fishery discard remains and 70 to 73 % of all pellets consisted exclusively of these. At times when no nearby trawling took place (Christmas/New Year), numbers of herring gulls dropped by up to 86 % and numbers of great black-backed gulls by up to 80%. Similar declines were observed during a trawling moratorium in February 1998. Adults of both gull species had a significantly lower body mass during periods of no fishing around the island (13 and 24 % less, respectively). Retraps of single gulls support these findings. The results show for the first time a strong influence of discard availability on numbers and body condition of large gulls wintering in the south-eastern North Sea. Effects on gull winter mortality and thus on population dynamics can be assumed.
INTRODUCTION
Several authors have attributed the population increase and range expansion of many scavenging seabird species, at least partly, to their utilisation of fishery discards (unused bycatch) and offal (e.g. Nisbet 1978 , Furness 1982 , Montevecchi 1993 , Oro et al. 1995 , Oro 1996 , Chapdelaine & Rail 1997 , Hagemeijer & Blair 1997 .
Some studies show that the availability of fishery discards and offal may affect seabird population dynamics. For example, in the absence of fishery discards in the north-western Mediterranean, the reproductive output of Audouin's gulls Larus audouinii dropped markedly (Paterson et al. 1992) , and reduced egg volume and breeding success were detected in lesser black-backed gulls L. fuscus (Oro 1996) . Oro et al. (1995) showed that a trawling moratorium which overlapped with the chick-rearing stage affected the breeding success of the yellow-legged gull L. cachinnans in the Ebro Delta. The diurnal pattern of Audouin's gulls present on a small island in the northwestern Mediterranean Sea in the pre-breeding period differed significantly between fishing and non-fishing days (Castilla & Perez 1995) , and a decline in numbers of breeding herring gulls L, argentatus at the Gulf of St. Lawrence (Canada) appeared to be related to a decrease in commercial fishing activities in that region (Chapdelaine & Rail 1997) .
There is also strong evidence that scavenging seabirds in the North Sea benefit from fishing since they join fishery vessels in large numbers (Hudson & Furness 1988 , Garthe & Huppop 1994 , Camphuysen et al. 1995 , Walter & Becker 1997 , while discards and offal are quantitatively important components of many seabirds' diet (Hunt & Furness 1996) . The amount of fishery waste available in the North Sea is, at least theoretically, sufficient to satisfy the energy demands of all scavenging species (Garthe et al. 1996) . However, the question of whether the availability of fishery discards and offal actually affects North Sea seabird population~ remains open.
Since there is virtually no area without fishery activities throughout the whole North Sea, seabird population dynamics under the influence of fisheries cannot be compared to those under natural conditions. However, some comparisons are possible on a temporal scale. In the German Bight close to the island of Helgoland (54" 1 l ' N, 7" 55' E) there is an intensive winter fishery with otter trawls for cod Gadus morhua. This fishery is generally suspended from about Christmas to New Year ('Christmas gap'), which markedly reduces the numbers of herring gull and great black-backed gull Larus nlarinus resting on the island of Helgoland (Hiippop & GeiR 1995) . Furthermore, a fishery moratorium (the very first in the German Bight) lasted throughout February 1998. It aimed to reduce mortality in cod of the very large year class 1996 (Weber & Ehrich 1998) . Both the Christmas gap and the fishing moratorium offered the opportunity to test to what extent the availability of fishery dlscards and offal influences (1) the food choice of large gulls resting on Helgoland; (2) their resting numbers; and (3) their body mass as an indicator of condition of the gulls.
METHODS
Trawler activity. We counted all fishing trawlers in range of sight of Helgoland from 3 December 1997 to 30 March 1998. Therefore we inspected the horizon with a 20x telescope from the top of the Helgoland lighthouse (80 m above sea level) or from other prominent elevated sites (roughly 50 m high) once a day between 11:OO and 14:00 h. On several foggy days with poor visibility the possibility of overlooking some trawlers was very high, so we distinguished between days with and without visibility of at least 5 km. Distance estimates were validated hy radar checks from the lighthouse.
Diet. In total, 233 'fresh' pellets (i.e. pellets still covered with mucous) were collected on piers, where the gulls usually rest during the night: 106 pellets were collected in porintls with fisheries (5 Decemher 1997, n = 52 pcll~ts, and 13 .January 1998, n = 54) and 127 in periods ~vithout fisheries (21 and 28 Dece~nher 1997, n = 70, and 25 Fc1l)ruar): 1998, n = 57). Since herring gulls and great black-backed gulls usually rest together on Helgoland, it is impossible to distinguish between their pellets. After drying at 60°C, we examined each pellet under a binocular microscope. In nearly all cases it was possible to identify their different components. Fish remains could n~ostly be identified to species with the help of otoliths and jaws using a reference collection and the guides of Harkonen (1986) and Watt et al. (1997) . For this analysis it was sufficient to group the pellets into 5 categories: discard fish, discard invertebrates, non-discard fish, non-discard marine invertebrates (including hooknose eggs) and terrestrial food (including garbage). All pellets containing the remains of subtidal animals that gulls usually reach only by capturing them behind trawlers (e.g. cod, whiting Merlangius merlangus, scad Trachurus trachurus, the polychaete Aphrodite aculeata, and large starfish Asterias rubens) were assigned to the respective discard categories. In a very few cases the origin of the consumed animals remained doubtful (e.g. spider crab Hyas araneus and swimming crab Liocarcinus sp.). If there were no unequivocal remains of other discard organisms, these pellets were classified as 'non-discard'.
Body condition. Body mass in relation to head + bill length (measured with callipers from the back of the head to the tip of the bill with an precision of 0.1 mm) was used as an indicator of body condition (Coulson et al. 1983 ). As many gulls as possible were caught at their night roosts on piers between 7 December 1997 and 26 February 1998 by dazzling them with a strong halogen torch and covering them with a hand net (Stuhmer & Row 1988) . Since gulls that have recently fed usually regurgitate when handled, a possible bias in body mass due to different stomach contents can be excluded. Although this method resulted in only a few catches per night (0 to 5) and gulls learned to avoid trapping, w e decided not to trap the birds by using bait. This could have led to a bias towards birds in poorer condition. Capturing by canonnetting was not feasible. Each gull was weighed to the nearest 1 g (birds less than 2 kg) or to the nearest 5 g (birds more than 2 kg), and aged by plumage characteristics. Birds < 3 yr old were categorised as 'immature', and those 3 yr and older as 'adult'. Because of the smdll sample size we pooled data with respect to fishing activity. Gull counts. Since 1989 all 'waterbirds', including gulls resting on Helgoland, have Seen counted once every spring tide at high tide around noon. This sch~dllle is similar to that estdblished by Rosner & Prokosch (1992) in the Wadden Sea of Schleswig-EIolstein. Two additional counts were carried out in December 1907 and January 1998 to explore the effects of the Christmds gap.
RESULTS AND DISCUSSION

Trawler activity
In the first half of December 1997 trawler activity was very high (mainly otter trawlers and a few beam trawlers). On days of good visibility, up to 11 fishing trawlers were observed. From 16 December, trawler activities ceased around Helgoland because of stormy weather (which lasted until the usual Christmas gap). Fishing resumed on 8 January 1998. Only 1 trawler was observed just before the turn of the year but stayed only 2 d. In the following days of January, fishing was even more intensive than in December. The number of trawlers rose to 17 on 22 January. The portion of cod of year class 1996 in their catches was so high that the German government imposed a moratorium on all kinds of fishery in a 12 X 25 nautical mile rectangle around Helgoland for the whole of February 1998. It is estimated that 2 million undersized cod were discarded from November 1997 to January 1998 (Weber & Ehrich 1998 ). Although the moratorium ended on 28 February 1998, there was virtually no further trawler activity until the end of our study, the cod having migrated to other areas (Weber & Ehrich 1998) . Even in the last days of January, before the moratorium, there were fewer trawlers, so maybe the cod had already at that time begun to emigrate. In total, the stormy days before Christmas, the Christmas gap, the fishing moratorium and the emigration of cod resulted In 2 periods of very little trawler activity around Helgoland (16 December to 7 January. 4 February to 30 March). In contrast, there were December and January (Fig. 1 ). 
Diet
Striking differences in diet were detected between periods with and without fishery activities (Fig. 2) . Each transition between successive periods withlwithout fisheries shows a highly significant difference in the percentage of pellets containing discards (Table 1) . At times of intensive trawler activity, more than 80 % of the pellets contained discards (fish and/or invertebrates). Indeed, 73 and 70 % of all pellets, respectively, comprised remains that presumably originated exclusively from discards. This shows that the gulls mainly fed on discards when they were available. Cod was the most dominant discard species found, whereas whiting, scad, Aphrodite aculeata and other species occurred only in a few pellets.
At times of no fishery activity around Helgoland, the gulls concentrated on food items and garbage. However, some pellets never- 
Body condition
Fishing activity strongly affected body mass of the gulls (Fig. 3) . Despite the small sample size, an ANCOVA revealed highly significant effects of head + bill length (as a measure of body size) and of fishing activity on body mass, both in adult herring gulls (F = 32.00, p < 0.001 and F = 11.32, p < 0 ,005, respectively) and In adult great black-backed gulls (F = 26.37, p < 0.001 and F = 18.88, p 0.002, respectively). After standardising body mass for the effects of head + bill length, mean body mass of adult herring gulls caught at periods of no trawler activity was 13% lower than the mass of those caught at times when trawlers were active. Adult great blackbacked gulls showed a mean decline of 24%. These declines exceed the range of the annual fluctuations of body mass in British herring gulls described in Coulson et al. (1983) . Our findings indicate poorer body condition at times of no fishery activity.
In both species, comparisons of masses of immature gulls revealed no significant results. This might be due to the very small sample sizes (in total, 7 herring gulls and 6 great black-backed gulls).
We caught 3 adult gulls twice. To avoid replicated samples, we used only the data of the first catch in the ANCOVA. However, these few retraps consolidate our findings. They make it unlikely that only those gulls stayed on Helgoland which were already in poor condition, while gulls in better condition left the island: a great black-backed gull weighed 2375 g when first caught on 9 December and weighed 324 g less immediately after Christmas on 29 December. A herring gull first caught at Christmas weighted 1291 g and had increased in body mass by 290 g on 19 January. Another herring gull weighed 1066 g at Christmas and 147 g less when recaught on 16 February, in the middle of the trawling moratorium. 
Gull counts
In the first half of December 1997/98, up to over 3000 herring and great black-backed gulls were resident on the island (Fig. 4 ) . When fishery activity ceased on 16 December, gull numbers dropped dramatically to a minimum of about only 800 gulls at the end of the year. On the resumption of fishery activity in January, numbers of both herring and great black-backed gulls immediately increased to almost 5000. During the moratorium, again a large decrease in numbers was observed. The changes in gull numbers were not accompanied by any remarkable alterations of weather conditions. Despite the continuing absence of trawlers around Helgoland, herring gull numbers increased again at the end of February. This was presumably based on the appearance of a new natural food source at that time: in February and March hooknoses immigrate in large numbers to the rocky intertidal zone to spawn (A. KriiD pers. comm.). In the shallow parts of the intertidal zone these fish are readily available to the herring gulls, thereby improving the 'natural carrying capacity' of the island for this species. Hooknoses were found in 63% of the pellets collected on 25 February. A comparable increase was not observed in great black-backed gull numbers since most had already departed for their breeding areas by this time (Vauk & Priiter 1987) .
The findings for the winter 1997/98 are strongly supported by counts from previous years. Despite the strong interannual variation in the numbers of resting herring gulls and great black-backed gulls, the effects of the Christmas gap are obvious since the beginning of the regular counts (Fig. 5) . In the herring gull, decreases of 15 to 86 % (average 55 %) were observed in all 10 winters. In the great black-backed gull, decreases in 8 winters occurred (20 to 80%, average 60%), whereas in 2 winters, numbers increased. In both species, all changes in numbers are highly significant (x2 goodness of fit, p < 0.001).
We assume that the number of gulls present before Christmas is strongly influenced by the amount of fishery activity and thus by discard availability in these days, too (unfortunately, data on fishing activity are available only for 1997/98). In the absence of fishery activity, the island can offer only a limited amount of natural food and garbage (which should not vary much annually) for a limited number of gulls. In addition, it can be assumed that the magnitude of the proportional decrease in gull numbers during Christmas is dependent on the number of gulls present before Chritsmas; the more gulls on the island feeding on discards, then the more that must depart when this food source is exhausted. Exactly this can be observed (Fig. 6) . In both herring and great black-backed gulls, the num- bers present before Christmas are significantly correlated with the relative decrease from this count to the first count in the Christmas gap (r, = 0.66, p 0.05, and r, = 0.75, p < 0.02, respectively, n = 10). It is not known where the gulls migrated. However, one of the great black-backed gulls ringed in December 1997 was shot on the island of Sylt (83 km NNE) 3 wk after marking, while another was observed in The Netherlands (142 km SW) 8 wk after marking
CONCLUSIONS
The herring gulls and great black-backed gulls wintering on Helgoland appear to benefit from fishery discards. Generally pronounced declines in resting numbers and a deterioration in body condition coincide with a change in food choice in non-fishing periods. For the first time, a strong influence of discard availability on numbers and body condition of large gulls in the south-eastern North Sea has been shown. number present before Christmas Clearly, there is no alternative food available to support such large numbers of gulls in the Helgoland area. However, it remains unknown whether em~gration to other areas could offer food sources of comparable quality and/or quantity. This seems unlikely, since resting numbers on Helgoland increase again immediately after the restart of fishing activities, thus indicating food shortage or poorer food quality in other areas too.
Our finding that fisheries influence body mass indicates that discard availability improves body condition at least in winter. As low body mass is correlated with mortality in herring gulls (Coulson et al. 1983) , changes in the availability of this artificial food source most likely influence winter mortality and thus probably population dynamics of large gulls. For example, Wooller et al. (1992) and Cairns (1992) 
